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(57) ABSTRACT 

Some embodiments of the present invention provide a 
modular ?uid treatment assembly and method in Which 
modules of the system each have a head that can be 
connected to one or more heads (of one or more other 

modules) in different con?gurations. In some embodiments, 
the relationship betWeen a cartridge of the module and its 
corresponding head prevents ?uid from entering betWeen the 
cartridge and an external shell of the module. Also, some 
embodiments provide a module having a head With substan 
tially concentric inlet and outlet ports in ?uid communica 
tion With a cartridge coupled to the head. 
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MODULAR FLUID TREATMENT APPARATUS 
AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] Removing and replacing ?lters in a ?uid treatment 
system are generally time consuming and labor intensive 
tasks. For example, tools are often employed to remove an 
existing ?lter from the ?uid treatment system. In some cases, 
a ?ltration specialist must be called to perform Work on a 
?lter system, such as to disassemble the ?lter system, clean 
the system, and replace system components (such as ?lters). 
The ?lter removal and replacement process often requires 
signi?cantly more attention and Work When the ?ltration 
system uses different types of ?lters for ?ltering different 
substances from the ?uid or the ?uids. Additionally, systems 
that include a plurality of ?ltering phases typically require 
special setup and connection betWeen different ?ltering 
components. For example, in a system Where a ?uid is 
treated by three different system components, the connec 
tions betWeen the system components is often dif?cult to 
establish and/or release. Consequently, time and cost 
become signi?cant factors in assembling, re-con?guring, 
repairing, and maintaining such systems. As a result, a 
system that eases the removal and replacement process of 
system components, that requires loW maintenance, and that 
is cost effective Would be Welcomed by users of such a 
system. 

SUMMARY OF THE INVENTION 

[0002] Some embodiments of the present invention pro 
vide a ?uid treatment assembly comprising a head having a 
?uid inlet con?gured to receive ?uid into the assembly, and 
a ?uid outlet through Which ?uid exits the assembly; a shell 
releasably coupled to the head and having a shell interior; 
and a cartridge removably received Within the shell and 
releasably coupled to the head, the cartridge having a 
cartridge Wall separating an interior of the cartridge from an 
exterior of the cartridge, the cartridge Wall having substan 
tially uniform properties along the cartridge and betWeen 
opposite ends of the cartridge and deformable under internal 
?uid pressure to radially expand against the shell; a cartridge 
inlet con?gured to receive ?uid from the head; a cartridge 
outlet through Which ?uid exits the cartridge to the head; and 
an internal chamber through Which ?uid passes from the 
cartridge inlet to the cartridge outlet, the cartridge con?g 
ured to retain ?uid Within the internal chamber and the head 
and to ?uidly isolate the shell interior and the cartridge 
exterior from ?uid passing through the ?uid treatment 
assembly; a ?rst seal betWeen at least one Wall of the 
cartridge de?ning the cartridge inlet and at least one Wall of 
the head, the ?rst seal separate from the shell and positioned 
to block ?uid from passing the ?rst seal; and a second seal 
betWeen the at least one Wall of the cartridge de?ning the 
cartridge outlet and at least one Wall of the head, the second 
seal separate from the shell and positioned to block ?uid 
from passing the second seal. 

[0003] In some embodiments a method of treating a ?uid 
is provided, and comprises receiving a disposable ?uid 
treatment cartridge in a shell, Wherein the disposable ?uid 
treatment cartridge having an interior, an exterior, and a 
length extending from and betWeen opposite ends of the 
disposable ?uid treatment cartridge; providing a head 
through Which ?uid passes into and out of the disposable 
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?uid treatment cartridge; coupling a ?rst seal to one of the 
head and the disposable ?uid treatment cartridge; coupling 
a second seal to one of the head and the disposable ?uid 
treatment cartridge; coupling the shell and the disposable 
?uid treatment cartridge to the head; closing a gap betWeen 
at least one Wall of the disposable ?uid treatment cartridge 
de?ning a ?uid inlet of the disposable ?uid treatment 
cartridge and a Wall of the head With a ?rst seal; closing a 
gap betWeen at least one Wall of the disposable ?uid treat 
ment cartridge de?ning a ?uid outlet of the disposable ?uid 
treatment cartridge and a Wall of the head With a second seal; 
preventing ?uid from entering betWeen the disposable ?uid 
treatment cartridge and the shell by ?uidly isolating the 
interior of the disposable ?uid treatment cartridge from the 
exterior of the disposable ?uid treatment cartridge With at 
least one of the ?rst and second seals; and radially expanding 
the disposable ?uid treatment cartridge substantially uni 
formly along at least a majority of the length of the dispos 
able ?uid treatment cartridge and against the shell. 

[0004] In another aspect of the present invention, a modu 
lar ?uid treatment system is provided, and comprises: a ?rst 
?uid treatment module having a ?rst head; and ?rst, second, 
and third ?uid ports on the ?rst head, each of the ?uid ports 
on the ?rst head providing connection locations to Which the 
?rst head can be connected to at least one other ?uid 
treatment module; a second ?uid treatment module having a 
second head; and a ?rst port on the second head; the ?rst 
head having a ?rst orientation With respect to the second 
head in Which the ?rst ?uid port of the ?rst head is in a ?rst 
connection location and in Which the second ?uid port is in 
a second connection location; and a second orientation With 
respect to the second head in Which the third ?uid port of the 
?rst head is in the ?rst connection location and in Which the 
second ?uid port is in a third connection location. 

[0005] Some embodiments of the present invention pro 
vide a method of assembling a ?uid treatment system having 
?rst and second ?uid treatment modules each having a head 
With at least tWo ?uid ports, Wherein the method comprises: 
selecting one of tWo different orientations of the head of the 
?rst ?uid treatment module With respect to the second ?uid 
treatment module, the ?rst and second ?uid treatment mod 
ules connectable With each other in both of the tWo different 
orientations to de?ne tWo different con?gurations of the ?rst 
and second ?uid treatment modules, each con?guration 
having at least one ?uid path through the ?rst and second 
?uid treatment modules; draWing the heads of the ?rst and 
second ?uid treatment modules together in the orientation 
selected; and connecting ports of the heads of the ?rst and 
second ?uid treatment modules together to establish ?uid 
communication betWeen the ?rst and second ?uid treatment 
modules, Wherein ?rst and second ports of the head of the 
?rst ?uid treatment module are connected to ?rst and second 
ports of the head of the second ?uid treatment module in a 
?rst con?guration of the ?rst and second ?uid treatment 
modules, and Wherein third and fourth ports of the head of 
the ?rst ?uid treatment module are connected to the ?rst and 
second ports of the head of the second ?uid treatment 
module in a second con?guration of the ?rst and second ?uid 
treatment modules. 

[0006] In some embodiments, a ?uid treatment apparatus 
is provided, and comprises: a head; a ?uid treatment car 
tridge sealingly and releasably connected to the head, the 
?uid treatment cartridge having an inlet and an outlet 
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substantially concentrically positioned With respect to one 
another; a ?rst ?uid line extending through the head and in 
?uid communication With the inlet of the ?uid treatment 
cartridge, the ?rst ?uid line permitting ?uid to bypass the 
?uid treatment cartridge in at least one con?guration of the 
?rst head; and a second ?uid line extending through the head 
and in ?uid communication With the outlet of the ?uid 
treatment cartridge. 

[0007] In yet another aspect of the present invention, a 
method of treating ?uid in a modular ?uid treatment appa 
ratus is provided, and comprises: receiving ?uid in an inlet 
port of a head; receiving ?uid from the inlet port of the head 
at an inlet of a ?uid treatment cartridge releasably coupled 
to the head; moving ?uid through an outlet of the ?uid 
treatment cartridge substantially concentric With respect to 
the inlet of the ?uid treatment cartridge and into a second 
inlet of the head; moving ?uid from the second inlet of the 
head through a ?rst outlet port of the head; and moving ?uid 
from the inlet port of the head, past the inlet of the ?uid 
treatment cartridge, and to a second outlet port of the head 
While receiving ?uid from the inlet port of the head at the 
inlet of the ?uid treatment cartridge and While moving ?uid 
through the ?rst outlet of the ?uid treatment cartridge. 

[0008] Other features and advantages of the invention Will 
become apparent to those skilled in the art upon revieW of 
the folloWing detailed description, claims, and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention is further described With 
reference to the accompanying draWings, Which shoW an 
exemplary embodiment of the present invention. HoWever, 
it should be noted that the invention as disclosed in the 
accompanying draWings is illustrated by Way of example 
only. The various elements and combinations of elements 
described beloW and illustrated in the draWings can be 
arranged and organiZed differently to result in embodiments 
Which are still Within the spirit and scope of the present 
invention. 

[0010] In the draWings, Wherein like reference numerals 
indicate like parts: 

[0011] FIG. 1A is a partially exploded vieW of a modular 
?uid treatment system according to an embodiment of the 
present invention; 

[0012] FIG. 1B is another partially exploded vieW of the 
modular ?uid treatment system illustrated in FIG. 1A; 

[0013] FIG. 2A is a perspective cross-sectional vieW of 
part of the modular ?uid treatment system illustrated in 
FIGS. 1A and 1B, taken along lines 2A-2A of FIG. 1A; 

[0014] FIG. 2B is a perspective cross-sectional vieW of 
the modular ?uid treatment system illustrated in FIGS. 1A 
and 1B, taken along lines 2B-2B of FIG. 1A and shoWn 
With the shell removed; 

[0015] FIG. 2C is a cross-sectional vieW of part of the 
modular ?uid treatment system illustrated in FIGS. 1A and 
1B, taken along lines 2C-2C of FIG. 1A and shoWn With the 
shell removed; 

[0016] FIG. 3A is a perspective vieW of a connector 
according to an embodiment of the present invention; 
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[0017] FIG. 3B is a cross-sectional vieW of the connector 
illustrated in FIG. 3A, taken along lines 3B-3B of FIG. 3A; 

[0018] FIG. 3C is a perspective vieW of another connector 
according to an embodiment of the present invention; 

[0019] FIG. 3D is a cross-sectional vieW of the connector 
illustrated in FIG. 3B, taken along lines 3D-3D of FIG. 3C; 

[0020] FIG. 3E is a perspective vieW of another connector 
according to an embodiment of the present invention; 

[0021] FIG. 3F is a cross-sectional vieW of the connector 
illustrated in FIG. 3E, taken along lines 3F-3F of FIG. 3E; 

[0022] FIG. 3G is a perspective vieW of another connector 
according to an embodiment of the present invention; 

[0023] FIG. 3H is a cross-sectional vieW of the connector 
illustrated in FIG. 3G, taken along lines 3H-3H of FIG. 3G; 

[0024] FIG. 3I is a perspective vieW of another connector 
according to an embodiment of the present invention; 

[0025] FIG. 3J is a cross-sectional vieW of the connector 
illustrated in FIG. 31, taken along lines 31-31 of FIG. 31; 

[0026] FIG. 3K is a perspective vieW of a plug according 
to an embodiment of the present invention; 

[0027] FIG. 3L is a cross-sectional vieW of the plug 
illustrated in FIG. 3K, taken along lines 3L-3L of FIG. 3K; 

[0028] FIG. 3M is a perspective vieW of another connec 
tor according to an embodiment of the present invention; 

[0029] FIG. 3N is a cross-sectional vieW of the connector 
illustrated in FIG. 3M, taken along lines 3N-3N of FIG. 
3M; 
[0030] FIG. 30 is a perspective vieW of another connector 
according to an embodiment of the present invention; 

[0031] FIG. 3P is a cross-sectional vieW of the connector 
illustrated in FIG. 30, taken along lines 3P-3P of FIG. 30; 

[0032] FIG. 4 is a perspective cross-sectional vieW of part 
of the modular ?uid treatment system illustrated in FIGS. 
1A and 1B, shoWn in another arrangement; 

[0033] FIG. 5 is a perspective cross-sectional vieW of part 
of the modular ?uid treatment system illustrated in FIGS. 
1A and 1B, shoWn in another arrangement; 

[0034] FIG. 6 is a perspective cross-sectional vieW of part 
of the modular ?uid treatment system illustrated in FIGS. 
1A and 1B, shoWn in yet another arrangement; 

[0035] FIG. 7 is a perspective vieW of a shell of a module 
employed in the system illustrated in FIGS. 1-6; 

[0036] FIG. 8 is a elevational cross-sectional vieW of a 
module employed in the system illustrated in FIGS. 1-6, 
taken along lines 8-8 of FIG. 1A; 

[0037] FIG. 9A is an end vieW of the shell illustrated in 
FIG. 7; 

[0038] FIG. 9B is a cross-sectional vieW of the shell 
illustrated in FIG. 7, taken along lines 9-9 of FIG. 7; 

[0039] FIG. 9C is a detail vieW of the shell illustrated in 
FIG. 9B; 

[0040] FIG. 9D is a perspective vieW of a bracket 
employed in the system illustrated in FIGS. 1-6; 
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[0041] FIG. 10A is a top perspective vieW of a plug cap 
according to an embodiment of the present invention; 

[0042] FIG. 10B is a bottom perspective vieW of the plug 
cap illustrated in FIG. 10A; 

[0043] FIG. 10C is a top perspective vieW of a plug cap 
according to another embodiment of the present invention; 
and 

[0044] FIG. 10D is a bottom perspective vieW of the plug 
cap illustrated in FIG. 10C. 

[0045] Before any embodiments of the invention are 
eXplained in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of components set forth in the folloW 
ing description or illustrated in the folloWing draWings. The 
invention is capable of other embodiments and of being 
practiced or of being carried out in various Ways. Also, it is 
to be understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limiting. The use of “including,”“comprising,” 
or “having” and variations thereof herein is meant to encom 
pass the items listed thereafter and equivalents thereof as 
Well as additional items. Unless limited otherWise, the terms 
“connected,”“coupled,” and variations thereof herein are 
used broadly and encompass direct and indirect connections 
and couplings. In addition, the terms “connected” and 
“coupled” and variations thereof are not restricted to physi 
cal or mechanical connections or couplings. 

DETAILED DESCRIPTION 

[0046] FIGS. 1 and 2 illustrate a ?uid treatment system 
(indicated generally at 100) that includes three ?uid treat 
ment modules or assemblies 104, 105. Each illustrated 
eXemplary module 104, 105 includes a head 108, a shell 112, 
and a cartridge 116. Each module 104, 105 is mounted to a 
Wall or other surface via a bracket 117. The brackets 117 can 
be any shape desired, and can be connected to their respec 
tive assemblies 104, 105 in any suitable manner. By Way of 
eXample only, the brackets 117 in the illustrated embodiment 
each have an aperture Within Which a respective module 104, 
105 is received as Will be described in greater detail beloW. 
Accordingly, each such bracket 117 surrounds a respective 
module 104, 105. In other embodiments, the bracket 117 can 
be secured to the module 104, 105 by being received Within 
a recess de?ned by the bracket (e.g., a U-shaped recess 
cradling any part of the module 104, 105) one or more 
fasteners extending through aligned apertures in the bracket 
117 and the head 108 or shell 112, inter-engaging elements 
on the bracket 117 and on the head 108 or shell 112 (e.g., a 
tongue and groove module, a pin and recess module, and the 
like), by being integrally formed With the module 104, 105, 
and the like. Still other manners of connecting the assem 
blies 104, 105 to the brackets 117 are possible and fall Within 
the spirit and scope of the present invention. In still other 
embodiments, the assemblies 104, 105 are mounted to a 
surface Without the use of brackets 117. For eXample, each 
head 108 can be directly secured to a surface by one or more 
fasteners, adhesive or cohesive bonding material, inter 
engaging elements on the module 104, 105 and surface, and 
the like. 

[0047] The brackets 117 (if employed) can be secured to 
a surface in any suitable manner, such as those just described 
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With reference to direct connection of the assemblies 104, 
105 to a surface. In some cases, it is desirable to adjustably 
mount the assemblies 104, 105 so that one or more of the 
assemblies 104, 105 is movable to different locations With 
respect to the surface. By Way of eXample only, the brackets 
117 in the illustrated embodiment are mounted to a rail 119, 
permitting the brackets 117 to be positioned as desired along 
the rail 119 (e.g., in a range of positions along the rail 119). 
For this purpose, the brackets 117 can have ?anges, edges, 
tabs, or other features that engage With grooves, lips, or 
other elements along the rail 119 to permit sliding engage 
ment betWeen the brackets 117 and rail 119. One having 
ordinary skill in the art Will appreciate that other types of 
engagement betWeen the brackets 117 and a rail 119 are 
possible, such as magnetic engagement, pins engagable With 
multiple apertures along the rail 119 (and vice versa), an 
aperture in each bracket 117 receiving a lip or other feature 
of the rail 119 in sliding engagement, and the like. 

[0048] In some embodiments, the rail 119 (or other struc 
ture to Which the assemblies 104, 105 are mounted) can be 
employed to support other components of a ?uid treatment 
system 100. By Way of eXample only, the rail 119 in the 
illustrated exemplary embodiment can support one or more 

?oWmeters, pressure regulators, and other ?uid sensor and 
monitoring devices, chemical feeders, Water softeners, 
pumps, valves and valve assemblies, ?lters, accumulators, 
?uid carbonation devices, distillers, cooling and refrigera 
tion system components, heaters, ultraviolet steriliZers, OZO 
nators, and other ?uid elements and devices used to move, 
store, and treat ?uid. 

[0049] The assemblies 104, 105 in the illustrated eXem 
plary embodiment are shoWn mounted in a substantially 
vertical orientation (i.e., elongated in a vertical direction). 
HoWever, it should be noted that the assemblies 104, 105 can 
be secured to any surface in any orientation desired. 

[0050] While the system of FIG. 1 shoWs tWo connected 
assemblies 104, 105, either module 104, 105 can be 
employed as a stand-alone system or in conjunction With any 
number of other assemblies 104, 105 in other fashions as 
Will be described in greater detail beloW. The discussion 
herein regarding a tWo-module system 100 is provided by 
Way of eXample only, and in order to convey elements, 
features, and capabilities of the assemblies 104, 105 and 
possible systems that can be de?ned by the assemblies 104, 
105. 

[0051] Although the head 108 can have a number of 
different con?gurations, the head 108 of each module 104, 
105 in the illustrated eXemplary embodiment has a body 121 
through Which run tWo ?uid lines 123, 125 (see FIGS. 2, 4, 
and 5). Each ?uid line 123, 125 de?nes ?rst and second ?uid 
ports (?uid ports 120, 140 for ?uid line 123 and ?uid ports 
127, 124 for ?uid line 125 in the illustrated eXemplary 
embodiment). Depending upon the direction of ?oW of ?uid 
through the module and the manner in Which the assemblies 
104, 105 are connected and assembled as Will be discussed 
in greater detail beloW, any of the ?uid ports 120, 140, 127, 
124 of the ?uid lines 123, 125 can de?ne ?uid inlets or ?uid 
outlets of the assemblies 104, 105. For eXample, in the 
system con?guration illustrated in FIG. 2A, ?uid ?oW is 
generally to the right through the assemblies 104, 105. 
Accordingly, either or both ?uid ports 120, 127 could be 
employed as ?uid inlets of the assemblies 104, 105, While 
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either or both ?uid ports 124, 140 could be employed as ?uid 
outlets of the assemblies 104, 105. In the particular arrange 
ment illustrated in FIG. 2A Where ?uid ?oWs to the right 
through the assemblies 104, 105, the ?rst module 104 has 
one ?uid inlet 120 (?uid port 127 is plugged) and tWo ?uid 
outlets 124, 140. Also, because ?uid port 140 of the second 
module 105 is plugged, the second module 105 has tWo ?uid 
inlets 120, 127 and one ?uid outlet 140. As noted above, 
other head connection arrangements can be employed to 
change the function and purpose of the ?uid ports 120, 140, 
127, 124. 

[0052] In some embodiments, the ?uid lines 123, 125 in 
the heads 108 are substantially parallel to one another, 
enabling the assemblies 104, 105 to be disconnected from 
one another and re-connected in other con?gurations as Will 
be described in greater detail beloW. HoWever, in other 
embodiments, the ?uid lines 123, 125 can run in any other 
manner through the heads 108, and need not necessarily be 
straight or parallel to one another. In such embodiments 
hoWever, the assemblies 104, 105 provide good performance 
results When the ?uid lines 123, 125 are ?uidly isolated from 
one another (except through the ?uid path de?ned through 
the respective ?uid treatment cartridges 116). Although only 
tWo ?uid lines 123, 125 run through each head 108 as 
described above and shoWn in the ?gures, in other embodi 
ments feWer or more ?uid lines can be employed as desired, 
any of Which can also be in ?uid communication With 
different locations of the cartridge 116 as desired. 

[0053] With reference back to the illustrated exemplary 
embodiment, and With particular reference to FIG. 2A, each 
of the ?uid lines 104, 105 are in ?uid communication With 
their respective cartridges 116. This ?uid communication 
can be established in a number of different manners, such as 
by an aperture, port, or shunt in each of the ?uid lines 104, 
105 (e.g., betWeen the ports 120, 140 of the ?rst ?uid line 
123 and betWeen the ports 127, 124 of the second ?uid line 
125). In the illustrated exemplary embodiment for example, 
the ?rst ?uid line 123 has a port 128 establishing ?uid 
communication betWeen the ?rst ?uid line 123 and the 
interior of the cartridge 116. Similarly, the second ?uid line 
125 has a port 132 establishing ?uid communication 
betWeen the second ?uid line 125 and the interior of the 
cartridge 116. The ports 128, 132 can be located anyWhere 
along their respective ?uid lines and can be any siZe desired. 
Also, although only one port 128, 132 is employed per ?uid 
line 123, 125 in the illustrated exemplary embodiment, 
either or both ?uid lines 123, 125 can have any number of 
additional ports establishing ?uid communication With the 
interior of the cartridge 116 anyWhere along the ?uid lines 
123, 125. In addition, each port 128, 132 can take any shape 
desired (including Without limitation round, square, oval, 
slot-shaped, crescent shaped, U or V-shaped, ring-shaped, 
and the like). By Way of example only, the port 132 in the 
second ?uid line 125 of the illustrated embodiment is 
substantially round, While the port 128 in the ?rst ?uid line 
123 is substantially U-shaped. Any combination of port 
shapes can be employed in other embodiments. 

[0054] In addition to the fact that the ports 128, 132 
establishing ?uid communication betWeen the ?uid lines 
123, 125 and the cartridge 116 can be located anyWhere 
along the ?uid lines 123, 125, the ports 128, 132 can also 
have any relationship With one another. By Way of example 
only, the ports 128, 132 can be in a side-by-side relationship, 
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can be on opposite sides of the head 108, and the like. In 
some embodiments, such as the one illustrated in the ?gures, 
one port 132 is at least partially encircled by another 128. 
This relationship can de?ne ports 128, 132 that are substan 
tially concentric With respect to one another and/or can 
enable one port 132 to be recessed or received Within 
another 128 While still being ?uidly isolated from the other 
port 128 (except through the ?uid path de?ned through the 
?uid treatment cartridge 116). 

[0055] The location, siZe, and shape of the ports 128, 132 
establishing ?uid communication betWeen the ?uid lines 
123, 125 and the cartridge 116 is at least partially determined 
by the type of cartridge to Which the head 108 is connected, 
and the location, siZe, and shape of the ?uid ports of the 
cartridge 116. The types of ?uid treatment cartridges 116 
that can be employed in the present invention are as varied 
as the manners in Which ?uid can be treated and the types of 
?uid that can be treated. Any ?uid treatment device can be 
attached to the head 108 of each module 104, 105. Examples 
of ?uid treatment devices include, Without limitation, ?lters, 
chemical feeders, Water softeners, ?uid sensor and monitor 
ing devices, accumulators, ?uid carbonation devices, heat 
ers, chillers, distillers, steriliZers (e.g., UV or oZone treat 
ment devices), pumps, valves and valve assemblies (e.g., 
RPZ devices), and the like. In short, any device employed 
for treating or processing ?uid of any type, or for moving or 
controlling the ?oW of ?uid can be employed as a cartridge 
in each module 104, 105. 

[0056] In the illustrated embodiment, both cartridges 116 
shoWn are ?lters, and are presented by Way of example and 
discussion only. Such ?lters can be of any type and can 
employ any type of ?lter media, including Without limitation 
carbon ?lters, holloW ?ber ?lters, ceramic ?lters, reverse 
osmosis ?lters, and ?lters employing any of the folloWing 
?lter media: bacteriacidal, granular activated carbon, ion 
exchange resin, sand (e.g., Manganese Greensand), metallic, 
ceramic, soluble Phosphate, acidulant, pH correcting, pre 
coat carbon block (With or Without additives), modi?ed 
carbon block, polyspun pleated string Wound media, and the 
like. Also, ?lters employing any combination of such ?lter 
types and ?lter medias can be employed as desired. 

[0057] By virtue of the fact that the type of ?lter or 
non-?lter cartridge 116 to be connected to the head 108 of 
each module 104, 105 can have inlet and outlet ports in any 
number of different locations on the cartridge 116, the 
corresponding locations of the ports 128, 132 connecting to 
such cartridge ports can be located anyWhere along the ?uid 
lines 123, 125 through the head 108. As discussed above, in 
some embodiments one of the ports 132 is at least partially 
surrounded by another 128, and can be concentric With 
respect to the other port 128. Such a port arrangement can 
be employed to connect to cartridges 116 having cartridge 
ports With a similar arrangement. In some cases, such as in 
many types of ?lter cartridges 116, the cartridges 116 have 
a central ?rst port and a second port located at least partially 
around the central ?rst port. Accordingly, the ports 128, 132 
of the head 108 can be similarly arranged in a central 
location of the ?uid lines 123, 125 and betWeen the ?uid 
lines 123, 125 as best shoWn in FIGS. 1, 2, 4, and 5. Of 
course, other port arrangements can be employed depending 
at least partially upon the locations of the ports of the 
cartridge 116 as discussed above. 
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[0058] The ports 128, 132 of the head 108 can be de?ned 
by apertures in the ?uid lines 123, 125 or by the ends of ?uid 
lines running to the cartridge 116. As best shown in FIG. 2B, 
the ports 128, 132 in the illustrated exemplary embodiment 
are de?ned by respective ?uid lines running to and con 
nected to ports of the cartridge 116. Either port 128, 132 can 
be a ?uid inlet or a ?uid outlet of the head 108 (i.e., a ?uid 
inlet accepting ?uid from the cartridge 116 into the head 108 
or a ?uid outlet through Which ?uid passed from the head 
108 into the cartridge 116) depending upon the direction of 
?uid ?oW through the head 108 as discussed above. 

[0059] In those cases in Which multiple assemblies 104, 
105 are connected in the same system 100 to process ?uid, 
the assemblies 104, 105 can be connected together in any 
conventional manner, such as by hose, tubing, pipe, or other 
conduit secured to the heads 108 of the assemblies 104, 105 
in any conventional manner (e.g., barbed, quick-disconnect, 
threaded, compression, and other ?ttings). In such cases, the 
hose, tubing, pipe, or other conduit connects one or more 
ports 120, 127, 124, 140 of one module 104, 105 to one or 
more ports 120, 127, 124, 140 of another module 105, 104. 
HoWever, some embodiments of the present invention 
employ connectors 136 to perform this function. Such 
connectors 136 enable a user to releasably ?uidly connect 
one module 104 to another 105. 

[0060] The connectors 136 can take a number of different 
forms, some of Which are shoWn in FIGS. 3A-3P. One type 
of connector 136a shoWn in FIGS. 3A and 3B is generally 
H-shaped, and connects tWo ports 124, 140 of one module 
104 to tWo ports 127, 120 of another module 105. In 
particular, the connector 136a has a body through Which tWo 
?uid lines pass to establish the ?uid connections just 
described, and/or is de?ned by tWo conduits joined in a 
side-by-side manner. Although both ?uid lines need not 
necessarily be de?ned in the same body or part (e.g., the 
ports 124, 140, 127, 120 can be ?uidly connected by 
separate nipples or other conduits), a single connector ele 
ment 136a can simplify assembly and disassembly While 
also reducing the number of parts of the system 100. Still 
other shapes of the connector 136a are possible and fall 
Within the spirit and scope of the present invention. Depend 
ing upon the direction of ?oW through the system 100, the 
connector 136a can therefore connect tWo outlet ports 124, 
140 of one module 104 to tWo inlet ports 127, 120 of another 
module 105, or can connect tWo inlet ports 124, 140 of one 
module 104 to tWo outlet ports 127, 120 of another module 
105. 

[0061] Another type of connector 136b shoWn in FIGS. 
3C and 3D ?uidly connects one port 124, 140 of a ?rst 
module 104 to one port 127, 120 of a second module 105 
While plugging another port 140, 124 of the ?rst module 104 
or another port 120, 127 of the second module 105. In 
another embodiment (shoWn in FIGS. 3E and 3F) a 
connector 136c can be adapted to ?uidly connect tWo ports 
While plugging tWo others (e.g., ?uidly connecting port 124 
of module 104 to port 127 of module 105 in FIG. 2A, While 
plugging port 140 of module 104 and port 120 of module 
105). 
[0062] Another type of connector 136d shoWn in FIGS. 
3G and 3H ?uidly connects one port 124, 140 of a ?rst 
module 104 to one port 127, 120 of a second module 105 
While permitting a ?uid connection to be made betWeen 
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another device and another port 140, 124 of the ?rst module 
104 or another port 120, 127 of the second module 105. 

[0063] Yet another type of connector 1366 shoWn in 
FIGS. 3I and 3J is adapted to connect a single port 127, 
120, 124, 140 of one module 104 to a single port 127, 120, 
124, 140 of another module 105 or to another device (not 

shoWn). 
[0064] Each of the types of connectors 136a, 136b, 136c, 
136d, 1366 can connect to one or more ports 127, 120, 124, 
140 of a head 108 in a number of different matters. For 
eXample, the illustrated connectors 136a, 136b, 136c, 136d, 
1366 are dimensioned to be received Within ports 127, 120, 
124, 140 of the head 108 thorough a clearance ?t. Alterna 
tively, the ports 127, 120, 124, 140 can instead be shaped 
and dimensioned such that the connectors 136a, 136b, 136c, 
136d, 1366 can receive the ports 127, 120, 124, 140. In either 
case, gaskets, rings, or seals 129 on the connectors 136a, 
136b, 136c, 136d, 1366 (e.g., in circumferential grooves on 
the connectors 136a, 136b, 136c, 136d, 1366) and/or in the 
?uid lines 123, 125 can be employed to provide a ?uid-tight 
connection betWeen the connectors 136a, 136b, 136c, 136d, 
1366 and ports 127, 120, 124, and 140. In this regard, any 
type of conventional gasket, ring, or seal can be employed, 
and are referred to herein collectively as “seals”. Such seals 
can be integral With the connectors 136a, 136b, 136c, 136d, 
1366 can be integral With the ports 127, 120, 124, 140, can 
be elements separate from and connected to the connectors 
136a, 136b, 136C, 136d, 1366 or can be elements separate 
from and connected to the ports 127, 120, 124, 140. By Way 
of eXample only, the seals for the connectors 136a, 136b, 
136c, 136d, 1366 in the illustrated embodiment are O-rings 
retained in circumferential grooves in the connectors 136a, 
136b, 136c, 136d, 1366 as shoWn. 

[0065] In other embodiments of the present invention, the 
connectors 136a, 136b, 136c, 136d, 1366 can ?uidly connect 
and/or plug ports 127, 120, 124, 140 as described above 
using any conventional ?uid ?tting or style. For eXample, 
the connectors 136a, 136b, 136c, 136d, 1366 can be retained 
in connected relationship With the heads 108 by the sealing 
force of seals as described above, by threaded connections 
betWeen the connectors 136a, 136b, 136c, 136d, 1366 and 
head 108, by sWage, press-?t, or compression-type connec 
tions, by quick-disconnect connections, and in any other 
manner employed to ?uidly connect conduits. In this regard, 
the same connector 136a, 136b, 136c, 136d, 1366 can have 
multiple types of end connections as needed to connect With 
other assemblies 104, 105 or devices. By Way of eXample 
only, the system illustrated in FIG. 2A employs three types 
of connectors 136a, 136b, 136g used to connect ports 120, 
124 to other equipment. Each of these connectors 136a, 
136b, 136g have O-rings for ?uid-tight connections to other 
assemblies 104, 105 or devices. One connector 136g has a 
pressure relief valve and a threaded ?tting, While another of 
the connectors 136b has a plug and a threaded ?tting. Any 
combination of ?ttings employed on the same connector 
136a, 136b, 136c, 136d, 1366 is possible and falls Within the 
spirit and scope of the present invention. 

[0066] In some embodiments, the ?tting type employed to 
connect the connectors 136a, 136b, 136c, 136d, 1366 to the 
ports 127, 120, 124, 140 provides resistance to disconnec 
tion betWeen the connectors 136a, 136b, 136c, 136d, 1366 
and the ports 127, 120, 124, 140. HoWever, in some cases 
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Where it is desirable to strengthen such connections (or in 
those embodiments in Which such connections are otherWise 
not suf?ciently strong to resist disconnection under normal 
system use), the connectors can be secured With respect to 
the head 108 in one or more additional manners. For 

example, in the illustrated exemplary embodiment, the con 
nectors 136a, 136b, 136c, 136d, 1366 are each provided With 
one or more extensions 131 each adapted to be received 
Within a recess 133 in a head 108 to Which the connectors 

136a, 136b, 136c, 136d, 1366 are connected. In alternative 
embodiments, the locations of the extensions 131 and 
recesses 133 can be reversed, if desired. The connection 
betWeen the extension(s) 131 and recess(es) 133 can be 
snap-?t or can otherWise be shaped and dimensioned to 
provide resistance to disconnection of the connector(s) 
136a, 136b, 136c, 136d, 136e and the head 108. Additional 
resistance to disconnection can be provided by one or more 
fasteners (e.g., screWs, bolts, setscreWs, pins, and the like) 
passed through apertures in the head 108 and connectors 
136a, 136b, 136c, 136d, 1366 as shoWn in the illustrated 
embodiment. Still other manners of increasing resistance to 
disconnection of the head 108 and connector 136a, 136b, 
136c, 136d, 1366 Will be appreciated by one having ordinary 
skill in the art. It should be noted that any of the types of 
connectors 136 described herein can employ the extensions 
131 as described above (or any of the alternate manners of 
securing the connectors 136 as also described herein). By 
Way of example only, the connector 1366 illustrated in 
FIGS. 3I and 3J need not necessarily employ the extension 
as illustrated. As another example, a connector 136f illus 
trated in FIGS. 3K and 3L (and described beloW) can 
employ such an extension, if desired. 

[0067] Although the connectors 136a, 136b, 136c, 136d, 
1366 described above and illustrated in the ?gures are 
elements that are separate from the heads 108 of the assem 
blies 104, 105, it should be noted that any one or more of the 
connectors 136a, 136b, 136c, 136d, 1366 can be integral 
With a head for releasable disconnection to another head 108 
in the same manner as the connectors 136a, 136b, 136c, 
136d, 1366 discussed above. 

[0068] Still other elements can be connected to the heads 
108 of the assemblies 104, 105 to de?ne the path of ?uid 
through the system 100. For example, in some embodiments 
any of the ports 127, 120, 124, 140 can be plugged by a plug 
136f (see FIGS. 3K and 3L). The plug 136f can be ?tted to 
plug into any such port 127, 120, 124, 140 in any manner, 
including by use of any ?tting type described above With 
reference to the connectors 136a, 136b, 136c, 136d, 1366. 
As another example, any of the ports 127, 120, 124, 140 can 
be ?tted With a pressure relief ?tting (see FIGS. 3M and 
3N). The plug 136f and pressure relief ?tting 136g can be 
separate elements or can each be part of a larger connector. 
Still other types of ?ttings can be adapted to be attached to 
any of the ports 127, 120, 124, 140 as desired. 

[0069] Still other types of connectors 136 can be 
employed to tap or bleed ?uid from any location in a system 
100 according to the present invention. Some connector 
types enable ?uid to be taken from the system through an 
end of a connector 136. For example, the connector 136d 
illustrated in FIGS. 3G and 3H permits connection of a 
?uid line to the connector 136d for this purpose. Other types 
of connectors 136 enable ?uid to be tapped or bled from the 
system in other manners. For example, the connector 136h 
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illustrated in FIGS. 30 and 3P has an internally-threaded 
?tting located adjacent and in ?uid communication With one 
of the tWo ?uid lines running through the connector 136h. 
The internally-threaded ?tting of the connector in FIGS. 
30-3P extends from a top surface of the head 108, although 
the ?tting can extend in any other direction desired. Also, 
although this ?tting is shoWn as having internal threads, it 
should be noted that any other ?uid ?tting connector can 
instead be employed, including Without limitation exter 
nally-threaded ?ttings, barbed ?ttings, John Guest® type 
?ttings, and the like. 

[0070] In some embodiments of the present invention, a 
?uid treatment system according to the present invention can 
be assembled on or off-site using a reduced number of 
system components, such as a number of standard shells 
112, heads 108, brackets 117, and a variety of connector 
types. In such cases for example, an installer or servicer of 
a system can have a kit of standard connectors that can be 
employed to connect as many heads as desired in a large 
number of different con?gurations to meet the needs of a 
Wide variety of applications. The connectors 136 can include 
any of the types of connectors 136 illustrated in FIGS. 
3A-3P, any of Which can be in different siZes, such as 
connectors 136 having different ?tting siZes (e.g., 3/s“, 1/2“ 
and 3/4“ threaded ?ttings, differently-sized John Guest ?t 
tings, differently-siZed barbed ?ttings, and the like). Accord 
ingly, a ?eld kit of connectors 136 for use in the system can 
include several different types of connectors in different 
siZes as needed to assemble one or more heads 108 in any 
system 100. 

[0071] As discussed above, the ?uid lines 123, 125 
extending through the head 108 of each module 104, 105 can 
be in any orientation and positional relationship With respect 
to one another. HoWever, in some embodiments advantages 
are presented by employing ?uid lines 123, 125 that are 
substantially parallel to one another. For example, such 
embodiments enable the use of connectors 136a, 136b, 
136c, 136d, 136g that connect to multiple ports 127, 120, 
124, 140 of the same head 108 as described above. Also, 
such an arrangement enables a user to assemble a system 
100 of assemblies 104, 105 in a number of different manners 
using the same style of head 108 for each module 104, 105. 
In this regard, it should be noted that this modularity and 
connectability does not require parallel ?uid lines 123, 125 
in the head 108 (although such lines are employed in the 
exemplary illustrated embodiment). Speci?cally, such 
modularity and connectability of the present invention is 
possible by employing heads 108 having standardiZed posi 
tions of the ports 127, 120, 124, 140 on opposite sides of the 
each head 108 regardless of the shape and paths of the ?uid 
lines 123, 125 Within the heads 108. 

[0072] An example of the modularity provided by the head 
108 according to the present invention is best illustrated in 
FIGS. 1, 2A, 4, and 5. In this embodiment, tWo assemblies 
104, 105 are connected together to treat ?uid in parallel (e. g., 
both assemblies 104, 105 performing the same function 
upon ?uid at the same time, such as for increased ?uid 
treatment capacity or speed). The head of each module 104, 
105 has four ports 127, 120, 124, 140. For purposes of 
discussion, these ports Will be referred to as ?rst (120), 
second (127), third (124), and fourth (140) ports. Fluid 
passes through the system 100 from left to right (as vieWed 
in FIG. 2A), although ?uid can instead pass in a reverse 
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direction through the system 100 as desired. Accordingly, 
?uid enters the ?rst module 105 via the ?rst (inlet) port 120, 
and exits the module 105 via the third (outlet) port 124 and 
the fourth (outlet) port 140. Fluid is prevented from exiting 
the second port 127 by a pressure relief valve of the 
connector 136g ?tted in the second port 127. Fluid exiting 
the third (outlet) port 124 of the ?rst module 105 then enters 
the second module 104 via the second (inlet) port 127 of the 
second module 104, and ?uid exiting the fourth (outlet) ?uid 
port 140 then enters the module 104 at the ?rst (inlet) port 
120 of the second module 104. Fluid then exits the second 
module 104 at the third (outlet) port 124 of the second 
module 104. 

[0073] Using the same assemblies 104, 105 and different 
connectors 136, the system 100 illustrated in FIG. 2A can be 
changed to process ?uid through the assemblies 104, 105 
connected in series, such as to process the ?uid through tWo 
different types of treatment using tWo different types of 
cartridges 116. In particular, the assemblies 104, 105 can be 
disconnected by releasing the fasteners securing the con 
nector 136a from the heads 108, and pulling the connector 
136a out from the heads 108 (such as by pulling the 
assemblies 104, 105 apart). Next, another connector 136c 
can be installed that establishes ?uid communication 
betWeen the third (outlet) port 124 of the ?rst module 105 
and the second (inlet) port 127 of the second module 104 
While plugging the fourth port 140 of the ?rst module 105 
and the ?rst port 120 of the second module 104. Finally, the 
plug closing the fourth port 140 of the second module 104 
can be moved to plug the third port 124 of the second 
module 104. In this manner, the system 100 illustrated in 
FIG. 2A can be easily re-con?gured as shoWn in FIG. 4 
from a system in Which the assemblies 104, 105 are con 
nected in parallel (FIG. 2A) to one in Which the assemblies 
104, 105 are connected in series (FIG. 4). 

[0074] In the system re-con?guration just described, it 
should be noted that the How path through the assemblies 
104, 105 is changed from one in Which ?uid ?oWs into the 
cartridge 116 of the second module 104 through one port 128 
to one in Which ?uid ?oWs into the cartridge 116 of the 
second module 104 through another port 132 (i.e., the How 
through the cartridge 116 in the second module 104 is 
effectively reversed). In yet another example of the capa 
bilities of the system 100 according to the present invention, 
it is possible to re-con?gure the system 100 again so that 
?uid ?oWs into both cartridges 116 through the same port 
(128) in both modules 104, 105 connected in series and out 
of both cartridges through the same port (132) in both 
modules 104, 105. Speci?cally, the head 108 of the second 
module 104 can be reversed by rotating the head 108 after 
the heads 108 have been disconnected as described above. 
FolloWing this rotation, the connector 136c described above 
can be installed to establish ?uid communication betWeen 
the third (outlet) port 124 of the ?rst module 105 and the 
fourth (inlet) port 140 of the second module 104 While 
plugging the fourth port 140 of the ?rst module 105 and the 
third port 124 of the second module 104. The resulting 
arrangement is illustrated in FIG. 5, shoWing a system in 
Which ?uid passes through both assemblies 104, 105 in 
series and also passes into and out of the cartridges 116 
through similar ports. 

[0075] FIG. 6 illustrates yet another example of the vari 
ous manners in Which the system 100 can be con?gured by 
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virtue of the modular nature of the assemblies 104, 105. In 
this embodiment, ?uid passing through the system is pro 
cessed in both assemblies 104, 105 (Whether identical or 
different) simultaneously for producing treated ?uid that can 
be routed to different locations and/or used for different 
purposes. In this exemplary embodiment, the fourth port 140 
of the ?rst module 105 can be releasably connected to the 
?rst port 120 of the second module 104 using a connector 
136c, While the second port 127 of the second module 104 
is plugged by the connector 136c. This con?guration thus 
alloWs ?uid received at the ?rst port 120 of the ?rst module 
105 to also be received at the ?rst port 120 of the second 
module 104. 

[0076] As discussed above, the heads 108 according to the 
present invention can be oriented and connected in a number 
of different manners, enabled at least in part by the rotat 
ability of the heads 108 With respect to one another and the 
ability to connect the ports 120, 127, 124, 140 of the heads 
108 in a number of different manners using a relatively small 
number of different connectors 136. This modularity enables 
a system 100 having any number of the same or different 
assemblies 104, 105 to be con?gured in a large number of 
manners to meet the particular needs of the user. In addition, 
this modularity also enables a user to de?ne a large number 
of How paths through the system using a common head 108 
and a relatively small number of parts. Examples of the 
types of paths that can be created include in-series ?oW 
paths, parallel ?oW paths, and combinations of such paths 
through the system 100. 

[0077] The ability to connect ?uid treatment modules 104, 
105 having the same or similar structure in different con 
?gurations as described above provides additional advan 
tages in a ?uid treatment system 100. In many cases, the 
heads 108 of such ?uid treatment modules 104, 105 can be 
rearranged With respect to one another Without signi?cantly 
disturbing other portions of the system 100. For example, in 
the illustrated exemplary embodiments, the system 100 can 
be changed by simply pulling apart adjacent ?uid treatment 
modules 104, 105 (in some cases, While still on the same rail 
or bracket), changing the type of connector 136 betWeen the 
modules 104, 105 and/or rotating the head 108 of either or 
both ?uid treatment modules 104, 105 by 180 degrees, and 
then re-connecting the ?uid treatment modules 104, 105 
With the connector 136. This process can be employed to 
easily add a neW module 104, 105 to the system 100, remove 
a module 104, 105 from the system, change betWeen parallel 
and series How of modules 104, 105, add or remove com 
ponents in the system (e.g., pressure relief valves, bleed 
lines introduced by replacing one type of connector 136 With 
another connector having a ?tting for bleeding ?uid from the 
system 100, and the like), system re-con?gurations, and the 
like. 

[0078] Also, in some embodiments the standard head 
shape of the modules 104, 105 provides improved system 
modularity compared to conventional systems. For example, 
the ports 120, 127, 124, 140 of the each head 108 in the 
illustrated exemplary embodiments are located in the same 
positions on each head 108, and permit connection to 
adjacent modules 104, 105 in at least tWo rotational posi 
tions of the heads 108 as described above). Although the 
different rotational positions are 180 degrees apart in the 
illustrated exemplary embodiments, these positions can be 
separated by any other rotational amount (e.g., 90 degrees, 
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45 degrees, 60 degrees, and the like). By employing ports 
located as described above and illustrated in the ?gures, the 
location of ?uid treatment modules 104, 105 in a system 100 
can remain substantially undisturbed in some embodiments. 
Speci?cally, the modules 104, 105 in a system 100 can have 
different con?gurations (e.g., Wherein one or more of the 
heads 108 are rotated in different con?gurations and/or are 
connected in different manners to adjacent heads 108), While 
still being in the same locations With respect to other 
modules and the environment surrounding the system 100. 
For example, the changes made to the con?guration of the 
?uid treatment system 100 of FIG. 2A to result in the 
con?guration illustrated in FIG. 5 include changing the 
types of connectors employed in the modules 104, 105 and 
rotating one module 104 to a neW position With respect to 
another module 105. HoWever, the locations of both mod 
ules 104, 105 With respect to any other modules (not shoWn) 
and any surrounding pipes, equipment, ?xtures, and other 
elements are the same in both con?gurations. Additional 
plumbing and other ?xtures need not be removed or installed 
in order to change betWeen con?gurations by virtue (at least 
in part) upon the common module and port locations in both 
con?gurations. 
[0079] In summary, although one or more heads 108 can 
be rotated in changing the con?guration of the system 100, 
the locations at Which ports 120, 127, 124, 140 are posi 
tioned (for connection or otherWise) can be the same in 
different system con?gurations. Also, the modules 104, 105 
can occupy the same locations in a system 100 despite being 
in different con?gurations (rather than requiring additional 
plumbing and/or ?xtures to connect modules 104, 105 that 
have been re-con?gured by rotation and re-connection as 
described above). This increased modularity can be 
achieved in some embodiments by employing module heads 
108 having tWo or more rotational positions in Which 
different ?uid ports 120, 127, 124, 140 occupy the same 
locations in the different rotational positions of the module 
heads 108. 

[0080] As discussed above, the head 108 of each illus 
trated module 104, 105 has ports 128, 132 establishing ?uid 
communication betWeen the head 108 and the cartridge 116. 
With reference to FIGS. 2B and 2C, this manner of con 
nection is shoWn in greater detail With respect to a ?lter 
cartridge 116 by Way of example only. The cartridge 116 has 
?rst and second ports 189, 200 connectable to the ports 128, 
132 of the head 108. The ports 189, 200 can be any shape 
and siZe and can be located in any position on the cartridge 
116 suitable for connection to the ports 128, 132 of the head 
108 (or to ?uid lines extending toWard the cartridge 116 
from the ports 128, 132 of the head 108). In this regard, the 
ports 128, 132 need not necessarily be concentric as shoWn, 
and need not necessarily be centrally located With respect to 
an end of the cartridge 116. 

[0081] The ports 189, 200 of the cartridge 116 illustrated 
in FIG. 8 are axially offset With respect to one another for 
releasable connection to the ports 128, 132 of the head 108, 
although any other axial relationship of the cartridge ports 
189, 200 can be employed as desired or for connection to 
heads 108 having other con?gurations. Each port 189, 200 
of the cartridge 116 is provided With a gasket, ring, or seal 
(herein referred to collectively as “seals”) 190, 204 to 
establish a ?uid-tight connection With a corresponding port 
128, 132 of the head 108 for purposes that Will be described 
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in greater detail beloW. In some embodiments, seals 190, 204 
can instead be provided on the ports 128, 132 of the head 
108. The seals 190, 204 can be integral With or connected to 
the ports 189, 200 of the cartridge 116 or the ports 128, 132 
of the head 108. In the illustrated exemplary embodiment, 
the seals take the form of O-rings ?tted upon the cartridge 
ports 189, 200 and recessed Within grooves as shoWn to 
establish the above-described ?uid connections. 

[0082] The cartridge 116 can take a number of different 
shapes, and in the illustrated embodiment is substantially 
elongated With a round cross-sectional shape. The structure 
of the cartridge 116 can vary signi?cantly from type of 
cartridge to type of cartridge. HoWever, many types of 
cartridges 116 have a housing de?ned at least in part by a cap 
184 and a bottle 188 (de?ning a top, side Walls, and a bottom 
of a housing of the cartridge 116). By Way of example only, 
the cartridge 116 of the illustrated exemplary embodiment 
best illustrated in FIG. 8 is a ?lter cartridge having a ?lter 
medium 192 positioned in an internal chamber 194 of the 
?lter bottle 188. In some embodiments, the ?lter medium 
192 can be capped by a channeling cap 196 requiring ?uid 
to How around the cap 196 and through the ?lter medium 
192 in a manner Well-knoWn in the art. The channeling cap 
196 can also de?ne or include one of the ports 200 of the 
cartridge 116 described above. 

[0083] In those embodiments of the cartridge 116 having 
a cap 184 and a bottle 188 as described above, the cap 184 
can be permanently secured to the bottle 188 in a number of 
different manners, such as by spin-Welding, ultrasonic 
Welding, adhesive or cohesive bonding material, and the 
like. HoWever, in other embodiments the cartridge 116 can 
have a removable cap 184 to provide access and/or removal 
and installation of one or more internal elements (e.g., a 
?lter element, components of another module type, and the 
like). Accordingly, the cap 184 can be connected to the bottle 
188 by a threaded connection, by one or more bolts, screWs, 
clips, pins, snap-?t or other inter-engaging elements, 
clamps, buckles, or other conventional fasteners, and the 
like. 

[0084] Although not required in all of the various embodi 
ments of the present invention, some embodiments employ 
a shell 112 that receives the cartridge 116. The shell 112 can 
be made of any material. HoWever, advantages are provided 
by employing a shell 112 made of a relatively strong and 
rigid material resistant to bending or deforming, such as 
aluminum, steel, stainless steel, ?berglass and other com 
posites, and the like. In particular, by employing a shell 112 
constructed of substantially rigid material as just described, 
the housing 184, 188 of the cartridge 116 (described above) 
can be constructed of relatively thin and/or Weak material 
(such as plastic) that Would otherWise be deformable and/or 
unable to Withstand the operational pressures of ?uid Within 
the module 104, 105. Therefore, the shell 112 can be 
employed as a non-disposable component of the module 
104, 105 While the cartridge 116 can be entirely disposable 
and can be constructed of loWer-cost materials in order to 
reduce the overall cost of the cartridge 116. 

[0085] In addition, in those embodiments employing a seal 
betWeen a Wall of the head 108 (de?ning a port 128, 132 of 
the head 108) and a Wall of the cartridge 116 (de?ning a port 
189, 200 of the cartridge 116), the use of a deformable 
cartridge housing 184, 188 as just described can provide 
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improved ?uid-tight connections. For example, With 
increasing ?uid pressure inside the cartridge 116 illustrated 
in FIG. 8, the housing 184, 188 of the cartridge 116 expands 
radially outWardly. In some embodiments, this expansion 
produces compression upon the seals 190, 204 betWeen the 
cartridge and housing ports 189, 200, 128, 132, thereby 
producing an improved ?uid-tight connection during opera 
tion of the ?uid treatment system 100 and With increased 
internal pressure Within the cartridge 116. 

[0086] As described above, the use of a deformable hous 
ing material for the cartridge 116 can enable the cartridge 
housing 184, 188 to expand When suf?ciently pressuriZed 
(e.g., during operation of the ?uid treatment system 100). In 
some embodiments, this expansion is substantially radially, 
Whereby the bottle 188 of the cartridge 116 presses against 
and is contained by the shell 112. This expansion and 
resulting pressure can be localiZed in one or more areas of 
the cartridge 116 or can be distributed over any portion of 
the housing bottle 188. In some embodiments, the bottle 118 
of the cartridge 116 radially expands along at least a majority 
of an elongated length thereof. Therefore, pressure of the 
cartridge 116 against the shell 112 is along at least a majority 
of the length of the shell 112. In other embodiments, the 
bottle 118 of the cartridge 116 radially expands along 
substantially all of an elongated length thereof. Therefore, 
pressure of the cartridge 116 against the shell 112 is along 
substantially the entire length of the shell 112. This type of 
expansion stands in contrast to some existing cartridges that 
expand along the longitudinal axis of the cartridge. In this 
regard, the bottle 188 of the cartridge in some embodiments 
of the present invention has substantially uniform properties 
along the length thereof (e.g., substantially uniform material 
properties of the bottle 188, substantially uniform Wall 
thickness of the bottle 188, and substantially uniform radial, 
circumferential, and axial Wall strengths of the bottle 188 
along the length of the bottle 188). In some embodiments, 
such uniformity of the bottle properties can be obtained by 
manufacturing the bottle 188 from tube stock of a large 
number of materials. 

[0087] Ashell 112 according to an exemplary embodiment 
of the present invention is illustrated in FIG. 7-9C. In this 
embodiment, the shell 112 is a tube having tWo open ends 
160, 164 and a longitudinal axis 168. The ?rst open end 160 
has a plurality of ?anges 172 projecting outWardly from the 
shell 112, While the second open end 164 has an inWardly 
disposed edge or lip 176. As an alternative to the inWardly 
disposed edge or lip 176, the shell 112 can have a closed 
second end 164 or a second end 164 having one or more 
members positioned to block the passage of a plug cap 180 
through the second end 164. The plug cap 180 (used in some 
embodiments of the present invention) provides a base upon 
Which the cartridge 116 can be seated. 

[0088] The plug cap 180 (if employed) can be a disc or 
other substantially ?at element made of metal, plastic, 
composites, or any other suitable material for retaining a 
cartridge 116 Within the shell 112 by blocking the second 
end of the shell 112. HoWever, the plug cap 180 can take any 
other shape capable of performing this function. 

[0089] In some embodiments, the shape of the plug cap 
180 is selected to prevent some types of cartridges 116 from 
being properly positioned Within the shell 112. For example, 
if a cartridge 116 is not fully received Within a shell 112 due 
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to the shape of the plug cap 180, in many cases the length 
of the cartridge 116 Will block proper connection of the shell 
112 to the bracket 117 or head 108 as described above. As 
another example, if a cartridge 116 is received too far Within 
a shell 112 due to the shape of the plug cap 180, in many 
cases the cartridge 116 in the shell 112 Will not reach the 
head 108 for connection thereto, or an unacceptable gap Will 
exist betWeen the plug cap 180 and the cartridge 116 (if the 
cartridge 116 is ?rst connected to the head 108 after Which 
time the shell 112 is placed over the cartridge 116). As yet 
another example, if a cartridge 116 is received in an incor 
rect rotational orientation With respect to the shell 112 due 
to the shape of the plug cap 180, in many cases the ports 189, 
200 of the cartridge 116 Will not be properly aligned With the 
ports 128, 132 of the head 108 for connection thereto. In 
such cases, the plug cap 180 can be shaped to inter-engage 
the shell 112 in one or more rotational positions of the plug 
cap 180 With respect to the shell 112 as Will be described in 
greater detail beloW. 

[0090] Accordingly, the plug cap 180 can be shaped to 
permit only properly shaped cartridges 116 to be received 
Within the shell 112 While still enabling connection of the 
shell 112 to the bracket 117 (or head 108) and proper 
connection of the cartridge 116 to the head 108. This 
relationship betWeen the plug cap 180 and selected car 
tridges 116 can be employed to ensure that incorrect or 
inferior types of cartridges 116 cannot be employed With 
certain plug caps 180 (and therefore, certain shells 112), 
thereby reducing or eliminating the use of inferior or incor 
rect cartridges in the system 100, in the Wrong shells 112, or 
With the Wrong heads 108. 

[0091] TWo plug caps 180 according to different exem 
plary embodiments of the present invention are illustrated in 
FIGS. 10A-10D. Each plug cap 180 is round and substan 
tially ?at (although other plug cap shapes can be employed 
as desired). In some embodiments, the plug caps 180 have 
one or more apertures 181 at least partially therethrough to 
permit air to escape from Within a shell 112 When the shell 
112 is installed on the cartridge 116 and/or to permit air to 
enter the shell 112 When the shell 112 is removed from the 
cartridge 116. 

[0092] The plug cap 180 illustrated in FIGS. 10A and 10B 
has rounded recess 182 on one side thereof, While the plug 
cap 180 illustrated in FIGS. 10C and 10D has a protuber 
ance in the shape of a generally rectangular boss 185. Both 
the recess 182 and the rectangular boss 185 are centrally 
located on the plug caps 180, although such features can be 
located in any other position on the surface of the plug cap 
180. Also, although the recess 182 in FIGS. 10A and 10B 
is rounded and the protuberance 185 in FIGS. 10C and 10D 
is generally rectangular, both features can have any other 
shape desired, such as rectangular or irregularly-shaped 
recesses, round or irregularly-shaped protuberances, and the 
like. 

[0093] When installed in a shell 112 as described above, 
the recess 182 of the plug cap 180 in the illustrated exem 
plary embodiment of FIGS. 10A and 10B can face into the 
shell 112 and can receive a protuberance (in some cases, a 
similarly-shaped protuberance) on a cartridge 116 received 
Within the shell 112. Accordingly, cartridges 116 adapted for 
the system 100 can have a protuberance shaped and posi 
tioned on the end of the cartridge 116 to be received by the 










